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PROTECTION OF PHOTOCATHODES WITH THIN FILMS 
FIELD OF THE INVENTION 

The present invention relates to thin-film protection of visible light photocathodes 
and more particularly to photocathodes protected by thin films and photon sensors and 
fast electron sources incorporating such photocathodes. 

BACKGROUND OF THE INVENTION 
It is well known that photosensitive materials operative in the visible range are 
highly reactive with oxygen, moisture and other impurities. It has been proposed to 
extend the lifetimes of such materials in a low vacuum or gas environment by coating 
them with thin solid protective films. The task is not simple since on the one hand the 
film must be as thin as possible so as to transmit photoelectrons from the photocathode, 
and on the other hand, sufficiently thick to prevent diffusion of undesired molecules from 

the gas to the photocathode. _ . - 

Reference is made in this context to the following publications, the disclosures of 
which are hereby incorporated by reference: 

R. Enomoto, T. Sumiyoshi and Y. Fujita, Nucl. Instrum. and Meth. A343, 117 

(1994) ; 

V. Peskov, A. Borovik-Ramanov, T. Sokolova, E. Silin, Nucl. Instnim. and 
Meth. A3 53, 184(1994); 

"" A. Breskin, A. Buzulutzkov and R. Chechik, IEEE Trans. Nucl. Sci. 43, 298 

(1995) ; 

A. Buzulutskov. A. Breskin. R. Chechik, J. Va'vra, Nuclear Instruments and 
Methods in Physics Research A 371 (1996) 147 - 150; 
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A. Breskin, A. Buzulutskov, R. Chechik, M. Prager and E. Shefer, AppL Phys. 
Lett. 69, 1008(1996); 

A. Buzulutskov, A Breskin and R. Chechik, J. AppL Phys. 81,466 (1997). 

Protected photocathodes can find applications in photon sensors such as photon 
detectors, image intensifies, TV camera tubes and the like. They can also be applied in 
accelerators, e.g. in intense electron sources inside radio frequency (RFD) guns. In the 
latter application, photocathodes operative in vacuum emit electron flushes when 
irradiated with intense fast laser beams. Protected photocathodes simplify installation and 
operation and increase the lifetime of the devices. 

SUMMARY OF THE INVENTION 
The present invention seeks to provide methods for protecting visible light 
photocathodes with thin protective films as well as photocathodes protected by thin films 
and photon sensors and fast electron sources: incorporating such photocathode 

There is thus provided in accordance with the invention a thin film-coated 
photocathode, including a photocathode formed of a first material consisting of 
potassium cesium antimonide and a thin film coating of a second material consisting of 
cesium bromide (CsBr). 

The materials potassium cesium antimonide and CsBr used in the present 
invention have lattice constants which are matched. 

For the purposes of this patent application "matched" or "matching" means that 
the atoms of the first and second materials have a spatial relationship therebetween which 
is periodic. Thus lattice constants that are, for example, identical, or differ by a factor of 
2 or the square root of 2 are considered to be matched. 
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The coated photocathode according to the invention may be transmissive or 
reflective. Reflective photocathodes may be formed on any clean polished surfece. 
Transmissive photocathodes may be formed on an optically transparent surface, e.g. 
glass, or on an optical fiber face plate, on a scintillating crystal or on a scintillating fiber 
face plate. 

Additionally in accordance with a preferred embodiment of the present invention 
there is provided a photon sensor including an electron multiplier and an associated 
photocathode formed of a first material consisting of potassium cesium antimonide and a 
coating of a second material consisting of CsBr. 

The photon sensor according to the invention may be any photon sensor known 
in the art such as photon detector, e.g. imaging photon detector, image intensifier and 
TV camera tube. 

The electron multiplier in the photosensor may be any suitable electron multiplier 
such as a vacuum or gaseous electron multiplier, a wire chamber, an avalanche chamber, _ 
a microstrip, microgap, microdot or other micropattern chamber, a Micromegas chamber 
and a microhole chamber (GEM). 

There is also provided according to the invention a fast electron source including 
a fast photon flux pulse source, an electron accelerator and an associated photocathode 
formed of a first material consisting of potassium cesium antimonide and a coating of a 
second material consisting of CsBr. The coated photocathode is preferably thus arranged 
that it receives as input a fast photon flux pulse from said photon flux pulse source and 
emits in response a fast pulse of electrons, which are then accelerated by said electron 
accelerator to provide a fast pulse of energetic electrons. 
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There is also provided in accordance with a . preferred embodiment of the 
invention a method of providing a photon sensor, more particularly a photon detector, 
including providing an electron multiplier and providing a photocathode associated with 
said electron multiplier wherein said photocathode is formed of a first material consisting 
of potassium cesium antimonide and a coating of thin film of a second material consisting 
of CsBr. > 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully appreciated from the following detailed 
description, taken in conjunction with the drawings in which: 

Fig. 1 is a simplified graphical illustration of typical absolute quantum (QE) 
efficiency spectra of uncoated reflective potassium cesium antimonide photocathode in 
comparison with cesium antimonide photocathode, as a function of wavelength; 

Fig. 2. is a simplified graphical illustration of typical absolute quantum efficiency 
of the reflective potassium cesium antimonide photocathode of the invention coated with 
CsBr in comparison with the cesium antimonide photocathode coaled with Nal known in 
the art, as a function of the coating film thickness; 

fig. 3 is a simplified graphical illustration of the absolute quantum efficiency of 
the reflective potassium cesium antimonide photocathode of the present invention 
protected with a CsBr film and under exposure to oxygen, at different wavelengths 
indicated in the figure (full symbols), in comparison with the cesium antimonide 
photocathode coated with sodium iodide known in the art (hollow symbols), as a 
function of the residual oxygen pressure; 
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Fig. 4 is a simplified graphical illustration of the absolute quantum efficiency of a 
reflective potassium cesium antimonide photocathode of the present invention, protected 
with a CsBr film and under exposure to 197 mbar oxygen, as a function of the 
wavelength and exposure time, constructed and operative in accordance with another 
preferred embodiment of the present invention; 

Fig. 5 is an illustration of a reflective photon sensor constructed and operative in 
accordance with a preferred embodiment of the present invention; 

Fig. 6 is an illustration of a transmissive photon sensor constructed and operative 
in accordance with a preferred embodiment of the present invention; and 

Fig. 7 is an illustration of a transmissive photon sensor constructed and operative 
in accordance with another preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Reference is now made to Fig. .1, which is a simplified graphical illustration of 
typical absolute quantum efficiency (QE) spectra of uncoated reflective potassium 
cesium antimonide and cesium antimonide photocathodes. With potassium cesium 
antimonide photocathodes QE values of 30-35% at the maximum are routinely achieved. 

Reference is now made to Fig. 2, which is a simplified graphical illustration of 
quantum efficiency of the reflective CsBr-coated potassium cesium antimonide 
photocathode, constructed and operative in accordance with a preferred embodiment of 
the present invention, in comparison with the known Nal-coated cesium antimonide 
photocathode, as a function of the coating film thickness; these data were measured at a 
wavelength of 312 nrn. Protective film coating results in an attenuation of the 
photoyield, with CsBr on potassium cesium antimonide minimizing the attenuation of the 
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quantum efficiency. As shown in Fig. 2, the quantum efficiency decreased by a factor of 
6 of its initial value at a wavdength of 312 nm after evaporation of 300A of CsBr. For 
comparison, a ISO A thick Nal film on cesium antimonide resulted in a decrease of the 
photoyield by a factor of 15. This may originate from a longer electron escape length 
through the protective CsBr film, or from a smaller potential barrier in the interface 
between potassium cesium antimonide and cesium bromide films. 

Reference is now made to Fig. 3, which is a simplified graphical illustration of the 
absolute quantum efficiency of the reflective potassium cesium antimonide photocathode 
protected with a CsBr film and under exposure to oxygen, constructed and operative in 
accordance with a preferred embodiment of the present invention. In Fig. 3, the 
potassium cesium antimonide photocathode is coated with a 280A thick CsBr film, and 
the exposure time at each data point is 5 min (full symbols). The quantum efficiency is 
remarkably stable, even at an oxygen pressure of 197 mbar, corresponding to its partial 
pressure in 1 bar of air, reaching values of 5% at 312 nm. For.comparison, the data of a . 
Nal-protected cesium antimonide photocathode are also shown (hollow symbols). 

The CsBr protection of potassium cesium antimonide photocathodes from 
oxygen was observed for coating film thickness of 280 A and 300 A; 200 A thick CsBr 
films railed to protect the photocathode. A 150A thick Nal coating, while successfully 
protecting cesium antimonide photocathodes, did not provide an efficient protection on 
potassium cesium antimonide photocathodes. This could be related to lattice 
mismatching between Nal and potassium cesium antimonide. 

Reference is now made to Fig. 4, which is a simplified graphical illustration of the 
absolute quantum efficiency of the reflective potassium cesium antimonide photocathode 
protected with a CsBr film and under exposure to oxygen, constructed and operative in 
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accordance with another preferred embodiment of the present invention. Fig. 4 shows 
the evolution of the quantum efficiency of the CsBr-coated potassium cesium antimonide 
photocathode, exposed to 197 mbar of oxygen, at different integral exposure times: 5, 25 
and 85 minutes. The quantum efficiency at 312 nm drops by about 30% after 25 minutes 
of exposure to oxygen; after exposure for 1 .5 hours the QE is still at the 1% level. 

While the .details of the protection mechanism are not yet fully understood, it is : 
assumed that the protection against oxygen is caused by an oxidation of the alkali halide 
films during the exposure procedure. Indeed, it is known that very thin (20-40 A. ) 
surface layers of native oxides, for example S\Ch on Si and A1 2 0 3 on Al, created by an 
oxidation in air, provide an effective protection of the bulk against further oxidation. It is 
also known that stable oxides such as NaI0 3 , CsI0 3 and CsBr0 3 do exist, while alkali 
fluorides and organic films, which for example failed to protect cesium antimonide 
photocathodes against oxygen, are difficult to oxidize. 

The combination of potassium cesium antimonide visible light photocathodes and 
CsBr coating films is believed to possess superior protective and emissive properties as 
compared to all previously investigated materials. In particular, CsBr-coated potassium 
cesium antimonide photocathodes have 5% absolute quantum efficiency at 300-350 nm 
wavelength range and can withstand the exposure to 197 mbar of oxygen for half an 
hour with a reasonably small loss of efficiency. These results are better by about an order 
of magnitude than those obtained for sodium iodide-coated cesium antimonide 
photocathodes. It is also noted that different photocathode materials require different 
protective films for best individual results. 

The absolute quantum efficiency of CsBr-coated potassium cesium antimonide 
photocathodes and their stability in oxygen are already sufficiently high to permit their 
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application to scintillation and Cherenkov light detection using gaseous large-area 
photon imaging detectors. In these detectors, the impurity levels in common gases are at 
the ppm level. The potential fields of application of this technique are very broad: 
scintillation calorimetry and Ring Imaging Cherenkov detectors in high energy physics, 
very large area Cherenkov detectors of solar and cosmic neutrinos in astroparticle 
physics, Gamma cameras and Positron Emission Tomography (PET) devices in nuclear 
medicine, etc. Moreover, the level of protection reached is sufficient for handling the 
photocathodes in dry inert atmosphere for a few hours. 

Protected photocathodes are also beneficial inside vacuum-operated devices such 
as photon sensors incorporating vacuum electron multipliers, or electron sources 
incorporating electron accelerators. They allow operation under relatively poor vacuum 
conditions, simplifying the choice of construction materials and processes. 

Reference is now made to Fig^S, which illustrates a reflective photon sensor 
constructed and operative in accordance with a preferred embodiment of the present 
invention. The photon sensor comprises a backing 10, preferably formed of glass which 
is sealingly covering a photocathode 12, over the opposite surface of which is provided a 
protective thin film coating 14 in accordance with a preferred embodiment of the 
invention. Adjacent coating 14, there is preferably provided an electron multiplier 16. 
The electron multiplier 16 may be any suitable electron multiplier, such as a vacuum or 
gaseous electron multiplier, a wire chamber, an avalanche chamber, a microstrip, 
microgap, microdot or other micropattern chamber, a Micromegas chamber or a 
microhole chamber (GEM). 

As seen in Fig. 5, a photon 20 enters via an optical window 21 and via the 
electron multiplier 16 and passes through coating 14 so as to impinge on the 
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photocathode 12, thereby causing electron emission. The electron 22 passes bade 
through the coating 14 into electron multiplier 16, which produces multiple electrons, 
thereby to provide a detectable signaL 

Reference is now made to Fig. 6, which illustrates a transmissive photon sensor 
constructed and operative in accordance with a preferred embodiment of the present 
invention. Here, the photon sensor preferably comprises a window 30, preferably formed 
of glass which sealingly covers a photocathode 32, over the opposite surface of which is 
provided a protective thin film coating 34 in accordance with a preferred embodiment of 
the invention. Adjacent coating 34, there is preferably provided an electron multiplier 36. 
The electron multiplier 36 may be any suitable electron multiplier, such as a vacuum or 
gaseous electron multiplier, a wire chamber, an avalanche chamber, a micro strip, 
microgap, microdot or other nricropattern chamber, a Micromegas chamber or a 
microhole chamber (GEM). 

As seen in Fig. .6, a photon 40 enters via the window 30 and impinges on the 
photocathode 32, thereby causing electron emission. An electron 42 passes through the 
coating 34 to the electron multiplier 36, thereby to provide a detectable signal. 

Reference is now made to Fig. 7, which illustrates a tnmsmissive photon sensor 
constructed and operative in accordance with a preferred embodiment of the present 
invention. Here, the photon sensor preferably comprises a optical fiber face plate 50, 
which sealingly covers a photocathode 52, over the opposite surface of which is 
provided a protective thin film coating 54 in accordance with a preferred embodiment of 
the invention. Adjacent coating 54, there is preferably provided an electron multiplier 56. 
The electron multiplier may be any suitable electron multiplier, such as a vacuum or 
gaseous electron multiplier, a wire chamber, an avalanche chamber, a microstrip, 
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microgap, microdot or other micropattern chamber, a Mcrpmegas chamber or a 
microhole diamber (GEM), _ , 

As seen in Fig. 7, a photon 60 enters via the face plate 50 and impinges on the 
photocathode 52, thereby causing electron emission. An electron 62 passes through the 
coating 54 to the electron multiplier 56, thereby to provide a detectable signal 

It is appreciated that instead of face plate 50 or window 30, there may be 
provided alternatively other photon sources, such as a scintillator or a scintillating fiber 
array. 

It is noted that in the reflective photon sensor shown in Fig. 5, the photocathode 
12 may be of any suitable desired thickness. In the transmissive photon sensor shown in 
Figs. 6 and 7, the photocathode 32 should be optimized so as to provide a maximum 
quantum efficiency. 

The CsBr-coated potassium cesium antimonide photocathodes of the invention 
are preferably prepared in vacuum of 10-9 mbar in the following way: First, a thin 
antimony layer, with a thickness corresponding to the attenuation of white light 
transmission down to 70%, is deposited on an optically polished quartz substrate, having 
electrical contacts on its circumference. The antimony layer is activated first with 
potassium vapor at 190-230°C and further with cesium vapor at 140-180°C. After 
cooling and stabilization, the absolute photocathode quantum efficiency (QE) is 
measured in reflective mode against a calibrated photodiode, with an accuracy of 10%. 
This is followed by coating the photocathode with a protective film of CsBr, keeping the 
photocathode at 50-80° C during evaporation, and then subjecting to a post-evaporation 
heating up to 140° C, for a few tens of minutes, followed by cooling. 
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It is noted that the coated photocathode described hereinabove was exposed to a 
large amount of impurities. In a vacuum or gaseous device, or in a gloved box connected 
directly to the photocathode preparation setup, the level of impurities may be reduced by 
orders of magnitude. This permits much easier manipulation of the photocathode while 
assembling and operating the photon detector. At low levels of impurities, thinner 
protection films could in principle be used, resulting in smaller attenuation of the 
quantum efficiency. 

It will be appreciated by persons skilled in the art that the present invention is not 
limited by what has been particularly shown and described hereinabove. Rather the scope 
of the present invention is defined only by the claims which follow: 
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CLAIMS 

We claim: 

1. A thin-film-coated photocathode, comprising a photocathode formed of a first 
material consisting of potassium cesium antimonide and a thin-film coating of a second 
material consisting of cesium bromide (CsBr). 

2. A CsBr-coated potassium cesium antimonide photocathode according to claim 1, 
wherein said photocathode is transmissive. 

3. A CsBr-coated potassium cesium antimonide photocathode according to claim 2, 
wherein said transmissive photocathode is formed onto a substrate selected from an 
optically transparent surface, an optical fiber face plate, a scintillating crystal or a 
scintillating fiber face plate. 

4. A CsBr-coated potassium cesium antimonide photocathode according to claim 1, 
wherein said photocathode is reflective. 

5. A photon sensor including a CsBr-coated potassium cesium antimonide 
photocathode according to any one of claims 1-4, wherein said coated photocathode is 
coupled to an electron multiplier. 

6. A photon sensor according to claim 5, wherein said electron multiplier is a 
vacuum electron multiplier. 
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7. A photon sensor according to claim 5, wherein said electron multiplier is a gas 
electron multiplier. 

8. A photon sensor according to any one of claims 5-7 which is a photon detector, 
an image intensifier or a TV camera tube. 

9. A fast electron source including a fast photon flux pulse source, an electron 
accelerator and an associated photocathode, wherein said photocathode is formed of a 
first material consisting of potassium cesium antimonide and a coating of a thin film of a 
second material consisting of CsBr. 

10. A method for providing a thin-film-coated photocathode according to any one of 
claims 1- 4, comprising: 

providing a photocathode formed of a first material consisting of 
potassium cesium antimonide; and 

coating said photocathode with a thin film of a second material consisting 

of CsBr. 

11. A method of providing a photon sensor according to any one of claims 5 to 8, 
including: 

providing an electron multiplier, 

providing a photocathode, associated with said electron multiplier and 
formed of a first material consisting of potassium cesium antimonide; and 
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coating said photocathode with a thin film of a second material consisting 

of CsBr . 
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